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Abstract 

We propose a hypothesis that the propagation velocity of light was much higher 
in the early universe in which matter fields were in the massless states and that its 
velocity slowed down to the well-known one after the phase transition of vacuum. By 
this hypothesis, a differential to time t at t — becomes discrete. Moreover, we assume 
that there is an energy flow from space to matter fields in accordance with a covariant 
derivative of the local U(l) gauge transformation invariant type in all space (namely 
the quasi-global U(l) gauge transformation invariant type). By these two assumptions, 
we will show how fermion fields and boson fields get their masses. This mechanism is 
of probability and only one half of primordial matter fields existing before the phase 
transition can get their masses. In case of fermion fields, one quarter of them changes 
into matter fields of the correct sign mass term, but another one quarter changes into 
matter fields of the wrong sign mass term which no interactions are known. We consider 
fermion fields of the wrong sign mass term as dark matter and consider fermion fields 
and boson fields which remained in primordial matter fields as dark energy. If the ratio 
of fermion fields to boson fields in primordial matter fields in the early universe is I to 
X , the ratio of the number of baryons, that of dark matter and that of dark energy 
is 1 : 6 : 12(1 + x)- As primordial matter fields correspond to the cosmological term 
in the Einstein equation, the exponential expansions of space in the early universe and 
the process of mass creation are shown. The universe is composed of domains where 
galaxies exist and those where dark matter exists as dark gases in equilibrium of force. 
Stars, galaxies and clusters of galaxies occupying between dark matter domains move 
under two sorts of gravity forces: universal gravitation which causes usual matter and 
universal repulsive force which causes dark gases. The rotating problem of a star in the 
spiral galaxy is explained as a galaxy surrounded with dark gases where are in low 
density. In this mechanism, the mass spectrum of fermion fields connects with the 
structure of space-time in the early universe and the structure of the phase transition. 



1 Introduction 

In the elementary theory, it is an unsolved problem how matter fields get their masses. 
With regard to getting masses of matter fields, the Higgs mechanism is widely recognized. 
In this mechanism, it is assumed that several sorts of matter fields(called Higgs boson fields) 
fill in space and that matter fields can get their masses by interacting to Higgs boson 
fields. HHH E| 

In contrast to the view of nature that space is considered as materialistic, we will show 
that there is a possible mechanism in which the energy in space is transformed to the masses 
of matter fields by the phase transition of vacuum. 

We presume the phase transition of vacuum at super-high temperature from the phase 
where all matter fields were in the massless state to the phase where matter fields get their 
masses. 
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The Lorentz transformation between two matter fields can be denned in the universe 
after the phase transition, but the Lorentz transformation between two matter fields cannot 
be defined in the universe before the phase transition, as the Lorentz transformation between 
inertial systems of light velocity is hard to adopt. 

Therefore, it is conjectured that this phase transition involves in a change of space-time 
structure. We don't know how matter fields are in a state of motion in such space-time before 
the phase transition. Here we call matter fields before the phase transition primordial matter 
fields. 

By this reason, it is doubtful that the light-velocity in the early universe where primordial 
matter fields existed was equal to the one after the phase transition. 

Here we assume that the light velocity was higher velocity cq in the state where the 
temperature was super-high and all matter fields were massless, and that the light velocity 
changed to our well-known value c by the phase transition of vacuum. If we set t = the 
point of the phase transition of vacuum, t < before the point, and t > after the point, 
this assumption means the light velocity as 

c H =c o 6(-t)+c0(t), 

where the Heaviside function is 6(t) = l(t>0),0(t<0). 

( We call our hypothesis the Heaviside light velocity assumption. ) 

By this Heaviside light velocity assumption, although a differential to 4-vector x^ , 

d d 
= — — (/j, = 0, 1, 2, 3 ) is unchanged, a differential to t , dt = tt- turns to <9 t = chOq □. 

(J JL CJ L 

This means that the value of a differential to t at t = depends upon the direction by 
which a limit is calculated. This suggests that the path of energy flowing from space to 
primordial matter fields at the phase transition of vacuum can be formed by terms including 
two differentials to t in relation to a kinetic energy term of matter fields. 

We assume that if an energy flow to primordial matter fields at the phase transition is 
realized through a covariant derivative of the local U(l) gauge transformation invariant type 
in all space, matter fields get their masses. 

In order to develop our argument on the basis of this assumption!, we introduce the 
virtual U(l) gauge field a^x) (the related virtual charge Q )by which the creation of masses 
at the phase transition of vacuum is explained, and consider the virtual local U{\) gauge 
transformation which depends only upon xq, because this phase transition is a phenomena 
in all space all at once, namely the virtual quasi-global U(l) gauge transformation as follows: 

U{x)=e- ia(xo) . 

By this gauge transformation, the transformation of primordial matter fields and the 
virtual gauge field become as follows: 

$'(*) = e- ia( - x °^(x), a'^x) = a^x) + ^a(x ). 

The transformation of covariant derivative becomes as follows: 

D' lt {x)&{x) = (d li + iQa' ll (x)) &(x) 

= [(d^ + iQa^+iidM^ale^^Hx) 
= e- ia ^(D^x) + *(AA) GX )*(aO, 

where ( )g and ( )k denote differentials at the part of the virtual gauge field and at the 
part of the kinetic energy term, respectively; (Aa) gk is the difference between a differential 

'Although the light- velocity is hidden in calculations or formulations in the natural unit, we will mention 
the light- velocity in the equations when it is necessary. 
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to t at the part of the virtual gauge field and one at the part of the kinetic energy term and 
is defined as follows: 

(d t (ax )) G - (d t a(x )) K = ({c h )g - (c H )k) (d Q a(x Q )) xa=Q = (Aa) GK . 

This | (Acx)gk | expresses an energy flow from space to primordial matter fields at the 
phase transition of vacuum. From here, at the position of index G (and K) we will write + 
or — which show the direction to be calculated about a differential to t. 

Using (ch)+ = c and (ch)- = c , wc find the following relations between four values; 
(Ad)_+, (Ad)+_, (Ad) and (Ad)++, 

(Ad)_+ = -(Ad)+_, (Ad) ++ = (Ad)__ = 0. 

In the two cases, (Ad) h and (Ad)_| , there is actually an energy flow from space to 

primordial matter fields, and primordial matter fields can get their masses by this energy. 

Although the mass term of boson fields in the lagrangian density is expressed in their 
squared mass, the mass term of fcrmion fields in the lagrangian density is expressed in the 
linearity of their mass. 

After the phase transition, primordial fermion fields divide into one half having the 
correct sign mass terms and the other half having the wrong sign mass terms. 

By this time, we have not observed fermion fields which have the wrong sign mass terms. 
We consider that the universal repulsive force will work on between these fermion fields with 
two different sign mass terms. Therefore, each of the fermion fields of two different sign mass 
terms will be distributed in different domains in our universe. 

We define fermion fields having the wrong sign mass terms as dark matter. It will be 
considered that there are domains (dark domains)where dark matters exist only ,and that 
the universe is composed of domains (galaxy domains)where galaxies exist and dark domains 
in equilibrium of force. Motions of stars, galaxies and clusters of galaxies can be explained by 
two sorts of gravity forces:universal gravitation and universal repulsive force. 

In the two cases, (Ad)__ and (Ad) ++ , there are no energy flows from space to primordial 
matter fields, and these matter fields of half of primordial matter fields are considered to be 
massless and to be spread over all space. We think that these matter fields are diffrent from 
those which have the correct sign mass terms. 

Otherwise these matter fields would be easily found. So we think fermion fields and 
boson fields have characteristics of primordial matter fields as dark energy. As primordial 
matter fields correspond to the cosmological term of Einstein equation, the space in the early 
universe and at the phase transition of vacuum can be considered by Einstein equation. In 
our mechanism, the ratio of energy for baryon,dark matter and dark energy of our universe 
will be estimated. 

In our mechanism, the primordial fluctuations of radiation will be generated by the 
difference from an uniformity in space of the distribution of primordial matter fields before 
the phase transition and by the probable property of this mechanism. 

In §2, we will describe how to get the mass term of matter fields. In §3, we will discuss 
our mechanism, and present our conclusion. 

2 Mass of matter field 

In this section, we will get the mass terms of fermion fields and boson fields. It was 
assumed that an energy flow from space to primordial matter fields will be expressed by a 
covariant derivative which is the virtual quasi-global U(l) gauge transformation invariant 
type. Then it was shown that this transformation of covariant derivative brings about an 
energy flow | (Ad)cK |. We describe how to get the mass terms of fermion fields and boson 
fields by this assumption. 
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2.1 Fermion field 

By the quasi-global 17(1) gauge transformation to the lagrangian density of fermion fields 
at t = 0, we have 

L = i,'{x)i^{d^ + iQa'^x))^\x) 
= ^(a;)*y (9„ + iQa^(x))tp(x) + i 2 ij(x)^5^(Aa) GK tp(x). 

Here when we write the 4-component fermion field as 

«•> -($:!)■ 

the lagrangian density becomes 
^{x)ir{d» + iQa'^x)W{x) 

= ( Jfo-<K(z) i(7?- V + ^'(z)A / ^(x)\ 

Hence the second term becomes as follows: 

where (Ad)Gfsri and (Ad)gK2 are terms of energy flow. 
Here when (Aa)cKi = — (Aa) G K2, this becomes 

-(Aa)GKi'<P(x)ip(x). 

Hence if {A6l)gki — (Ad) |_ or (Ad)_| , we have the correct sign mass term of fermion 

fields, 

—rmp(x)il)(x), 
and the wrong sign mass term of fermion fields, 

+mtp(x)'tp(x), 

where | (Ad)_ + |= m. 

And if (Aa)oKi = (Ad) ++ or (Ad)__, we have the massless fermion fields. 

2.2 Neutral scalar boson field 

By the virtual quasi-global 17(1) gauge transformation to the lagrangian density of neutral 
scalar boson fields at t = 0, we have the following calculations: 

L=\{D' ll {x)<i> l {x)r{D'^x)4>'{x)) 

=\[{Dp{x) + i5 tlQ {Aa) GK2 )<f>(x)\*[{D»{x) + i5»°(Aa) GK1 )<f>(x)} 
= i(^(x)0(x))*(^(x)0(x)) + ±(Aa) GK1 (Aa) GK2 ^(x) 

+ i^[(Aa) GK1 <j>(x)(D (x)<j)(x)y - (Aa) GK2 cj)*(x)(Do(x)<j>(x))], 
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where a covariant derivative is D^(x) =8^+ iQa^x); (Ao) G ki and (Aa) G K2 are terms of 
energy flow. 

We can sum a complex conjugate to recover the Hermitian of the lagrangian density 
which is broken down by the third term and is divided by two as follows: 

L =±(D^x)<t>(x)y(D»(x)<t>(x)) + l -(Aa) GK1 (Aa) GK2 tf(x) 

+ i^((Aa) GK1 + (Aa) GK2 )(<f>(x)(D (x)<j)(x)y - </>(x)(D (x)<l>{x))). 
When (Ad)cifi = — (Aa) G K2, the second term becomes 

-i(Aa) 2 GK1 2 (x). 

Hence if (Aa) G Ki — (Act)_ + or (Aa)^ , we have the mass term of neutral scalar boson 

fields, 

— — m 2 (f> 2 (x) (| (Aa) |_ |= to). 

If (Aa) G Ki = (Aa) ++ or (Aa) , we have the massless neutral scalar boson fields. 

2.3 Complex scalar boson field 

The mass term of complex scalar boson fields can be obtained in a manner similar to that 
of neutral scalar boson fields. 

By the quasi- global U(l) gauge transformation to the lagrangian density of complex 
scalar boson fields at t = and recovering the Hermitian of the lagrangian density, we have 
the following calculations: 

L=(D^x)v'(x)y(D'»(x)v'(x)) 
MD^x)^(x))*(D^{x) v (x)) + (Aa) GKl (Aa) GK 2V*(x)<p{x) 

+ i^((Aa) GK1 + {Aa) GK2 )(<p(x){Do(x)v(x)y - <p*(x)(D (x)<p(x))), 

where (Aa) G K i and (Aa) G K2 are terms of energy flow. 
When (Aa) G Ki — ~(Aa) G K2 1 the second term becomes 

-( A a) 2 GK1 (p*(x)ip(x). 

If (Aa) G Ki = (Aa) |_ or (Aa)^ , we have the mass term of complex scalar boson fields, 

—m 2 Lp*(x)(p(x) (| (Aa) |_ |= to). 

If (Aa) G Ki = (Ad) ++ or (Ad)__, we have the massless complex scalar boson fields. 

2.4 Vector boson field 

Lastly, we think about the mass term of vector boson field B^(x). By the quasi-global 
U (1) gauge transformation of the lagrangian density of vector boson fields at t = 0, we have 
the following calculations: 

L = - \(D^(x)B' v (x) D' v (x)B' IM (x)y(D'^x)B^(x) D'» (x)B>» (x)) 
= \(D' (x)B' (x)) D' (x)B' (x)y(D' Q (x)B' (x) D' (x)B' (x)) 
+ l -(D' a (x)B' 3 (x) - D' 3 (x)B',(x)y(D',(x)B' 3 (x) D'^B'^x)) 
- D' k (x)B' j (x)nD' j {x)B' k (x) D> k (x)B'(x)), 
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where j and k (j k) run from 1 to 3. 

As the first and second terms include the covariant derivative D' (x), there is an energy 
flow from space to vector boson field B fl (x). The first term is usually meaningless, but, 
includes four D' Q (x)' s. Hence the first term includes four terms of energy flow: [Aa) G K\, 
(Aa) GK v, {Aa) GK2 and (Aa) GK2 >. 

When we use the following calculatins: 

D' Q (x)B' (x) - D' (x)B' Q (x) 

= e- ia ^[(D (x)+i(Aa) GK i) - (D (x) + i{Aa) GKV )]B {x) 
= e- ia ^i[(Aa) GK1 - (Aa) GK1 ,]B Q (x), 

the first term becomes as follows: 

- \{D' {x)B' {x) D' (x)B' (x))*(D' (x)B' (x) D' (x)B' (x)) 
= -^[{Aa) GK2 - (Aa) GK2 ,][{Aa) GK1 - {Aa) GK v]B*(x)B (x). 

Finally when (Ad) GK i = -{Aq) G kv, (Aa) GK 2> = or {Aa) GK 2 = -(Aa) G K2<, 
{Aa) G KV — 0, the first term becomes 

~{Aa) GK1 (Aa) GK2 B^(x)B (x). 
Let us consider the second term, 

±(D' (x)B>(x) - D' j (x)B' (x)r(D' (x)B' j (x) D'^B'^x)) 
= \{D a (x)B 3 (x) - D j (x)B (x))*(D (x)B j (x) - D 3 (x)B (x)) 

+ ^(Aa) GK1 (Aa) GK2 B*(x)B 3 {x) 

+ i[-(Ad) GKiB*(x)(D (x)B 3 (x) - D 3 (x)B a (x)) 
+ (Aa) GK2 (D Q (x)B 3 (x) - D 3 (x)B (x))*B 3 (x)l 

where j runs from 1 to 3; (Aa) G Ki and (Aa) G x 2 are terms of energy flow. 

To above second term, we add the complex conjugate term to recover the Hermitian of 
the lagrangian density, which is divided by two. The result is as follows: 

±(D (x)B 3 (x) - D j (x)B (x))*(D (x)B j (x) - Dj(x)B (x)) 
+ ^(Aa) GK1 (Aa) GK2 B*{x)B j (x) 

+ i{{Aa) GK1 + {Aa) GK2 )[-B*(x)(D (x)Bj(x) - D 3 {x)B {x)) 
+ (D Q (x)B j (x) - D 3 (x)B (x))*B 3 (x)}, 

where j runs from 1 to 3. 

When (Aa) G Ki = —{Aa) G K2 1 the second term becomes as follows: 

\{D Q {x)B 3 {x) - D 3 (x)B (x))*(D (x)B 3 (x) D 3 (x)B (x)) l -{Aaf GK1 B*{x)B 3 {x), 
where j runs from 1 to 3. 
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The third term is continuous because a differential to t is not included. From the mass 
terms of the first term and the second term, we get the following result: 

±(Ad) 2 GK1 (B* (x)B Q (x) - B*(x)B 3 (x)), 

where j runs from 1 to 3. 

When (Aa)cKi = (Ad) \. or (Ad)_| , we have the mass term of vector boson fields, 

±m 2 Bl(x)B*(x) (| (Ad)_+ |= m). 

When (Ad) cki = (Ad) ++ or (Ad) , we have the massless vector boson fields. 

In our mechanism, gauge fields cannot get their mass terms since gauge fields does not 
include covariant derivatives. But weak boson fields can get masses when we consider weak 
boson fields as matter fields. 

3 Discussion and conclusion 

In our mechanism about the mass creation of matter fields, we assumed the Heaviside 
light velocity assumption, and, moreover, assumed that an energy from space to primordial 
matter fields at the phase transition of vacuum will flow through the path formed by a 
covariant derivative of the virtual quasi-global U(X) gauge transformation. 

By these two assumptions, we showed that matter fields(viz. primordial matter fields) 
in the early universe get their masses. In this mechanism, half of primordial matter fields 
cannot get masses and stay in primordial matter fields; half of fermion fields getting their 
masses have the wrong sign mass terms. 

(1) In our mechanism, half of primordial fermion fields and primordial boson fields cannot 
get their masses and these fields expand into all space as primordial matter fields. 

If these primordial matter fields existing in large quantities are of the same quality as 
that of well-known matter fields, they should be easily measured or created. 

Primordial matter fields existing after the phase transition are considered as matter 
fields belonging to a different category and we regard these fields as dark energy. 

In other words, dark energy is matter fields which will create well-known matter fields 
and dark matter under certain condition. 

Then the virtual U(l) gauge field a^(x) was introduced to get masses of primordial 
matter fields. This gauge field can interact to primordial matter fields and form the 
path of an energy flow from space to primordial matter fields. So this virtual gauge 
field is necessary to create masses from dark energy. 

(2) As above-mentioned, one quarter of primordial fermion fields in the early universe got 
the wrong sign mass terms after the phase transition. 

We don't exclude these fermion fields as unphysical because their interactions are not 
known at all, but we consider these fermion fields really exist in our universe. The 
universal repulsive force will act on between these unknown fermion fields and matter 
fields having the correct sign mass terms, then domains where these unknown fermion 
fields are distributed will be different from domains where well-known matter fields 
are distributed. We consider these unknown fermion fields as dark matter. 

Therefore, dark matter consists of quark fields and lepton fields with the wrong sign 
mass terms [j], and it is very interesting that a distribution of dark quark fields and 

^After this, matter fields constituting dark matter will be written as dark quark, dark lepton, etc. 
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dark lepton fields in a domain of dark matter is investigated because masses of dark 
quark fields are larger than ones of dark lepton fields, especially dark neutrino fields. 

(3) One quarter of primordial fermion fields in the early universe become fermion fields 
which have the correct sign mass terms at the phase transition. If the number of quark 
fields is assumed to be equal to that of lepton fields, the number of quark fields is one 
eighth of fermion fields. So the number of baryons is calculated as one twenty-fourth 
of the fermion fields. 

From the detail analysis of the fluctuations of microwave background radiation, it was 
found that the ratio of energy for baryon, dark matter and dark energy in total energy 
of our universe is 5% : 23% : 72% .pj [HI EE HO] We cannot calculate this ratio now. 
Instead, we can estimate it as follows. 

The ratio of number of baryons, dark matter fields and dark energy fields will be 
obtained by results of (1), (2), and (3) as follows: 1:6: 12(1 + \), where \ is a 
ratio of primordial boson fields to primordial fermion fields in primordial matter fields 
existing in the early universe. 

If the number of matter fields is proportional to energy, the results obtained qualita- 
tively correspond with those obtained by cosmology. ( If \ = 0-5, very good result will 
be obtained as: 1 : 6 : 18 . ) 

(4) Primordial matter fields correspond with the cosmological term of Einstein equation. 
By cosidering this as a clue, we will discuss the space-time of our mechanism of masss 
creation by Einstein equation with the cosmological term. It is assumed that the space- 
time in our mass creation mechanism is homogeneous and isotropic. The early universe 
in which primordial matter fields exist only corresponds with Einstein equation only 
with the cosmological term. By the Robertson- Walker metric based on the assumption 
of homogeneity and isotropythe line element is described as follows: 



where R(t) is the cosmic scale factor. Coordinates r, 9 and ip are comoving coordinates. 
K is a constant. When the cosmological constant is written as Ao in the early uni- 
verse, by solving Einstein equation only with the cosmological term the scale factor 
becomeplj [H] 



where Rq is arbitrary constant and K = 0( viz. the flat space). Moreover we cosider 
the space-time in the process of mass creation by solving Einstein eqation with the 
cosmological constant A(t) depending on time. Although the process of mass cre- 
ation (viz. phase transition of vacuum)is in a moment on a numerical expression, it will 
continue in all space for (non zero) r from beginning to end. The line clement is 
obtained from one for early universe by replacing the light velocity Cq in the early uni- 
verse with one Ct r (= £a ^)at the phase transition. From Einstein equation two following 
relations are obtained: 
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where G is gravity constant. p(i)and p(t)a,re the density and pressure of matter (matter 
fields and dark matter) created. From these equations the following relation which 
express the conservation of energy in the process of mass creation are obtained. 



We will obtain a solution satisfying the following relati 




0. 




This relation means the sum of densities of primordial matter fields 

matter(matter fields and dark matter)p(i) is constant. 

As A(0) = Ao,two equations for the scale factor become as follows: 




and 



R(t) _ <£ 



R(t) 3 




In above equations, Co in the equations for the early universe is replaced with Cj r . If 
K = 0,we obtain 



where R t r is arbitrary constant. This means that matter (matter fields and dark 
matter )spreads in all space coinciding with space which expands suddenly. We think 
this is the Big-Bang and the mass creation in our mechanism overlaps the Big-Bang. 
After the creation of matter fields and dark matter, the universe expands adiabatically 
and begins its evolution. 

(5) We suppose that the universe consists of domains where galaxies crowd and other 
domains where dark matter exists as dark gases because of very weak constraining 
force interacting between dark quarks and dark leptons, and that galaxy domains 
and dark gas domains are adjacently in equillibrium of forces. This is very similar 
to the so-called bubble structure of the universe. [I3l [14] Stars, galaxies and clusters 
of galaxies occupying between dark matter domains move under two sorts of gravity 
forces:universal gravitation which causes usual matter and universal repulsive force 
which causes dark gases. Let us consider the motion of a star in the galaxy with a 
buldge at the center. In the case where the galaxy is surrounded with dark gases which 
are in high densitya star should fall under stronger repulsive force from dark gases 
than universal gravitation from the central buldge. The motion of a star becomes 
rectilinear like atomic gas confined in a box. On the other hand, in the case where a 
galaxy is surrounded with dark gases which are in low density, a star will be subject 
to universal gravitation from the central buldge and its motion will become elliptical 
in the galaxy. The spiral galaxy belongs to this case. Because of strong universal 
repulsive force from the central buldge, dark gases surrounding the galaxy should be 
distributed above and below the disc symmetrically. The greater the distance of dark 
gases from the central buldge becomes, the larger its quantity becomes. When dark 
gases are distributed in this waythe universal repulsive force acts as if it compensates 
the decrease of universal gravitaion. If the compensation is complete ,the rotation 
speed of a star on the disc in the spiral galaxy will become constant. [15] 

tThe ratio of length of two adjacent domains could be estimated as the inverse of the ratio of thier average 
mass densities from equillibrium of gravity force. 
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(6) In conclusion, wc propose a mechanism of mass creation which is explained by an 
energy flow from space to primordial matter fields at the phase transition of vacuum. 
Firstly, it is about the Heaviside light velocity assumption with regard to the change of 
light velocity at the phase transition. Moreover, it is assumed that an energy flows from 
space to primordial matter fields through the path formed by a covariant derivative of 
the virtual quasi-global U(l) gauge transformation invariant type. By this mechanism, 
matter fields, dark matter and dark energy were created from primordial matter fields 
at the phase transition of vacuum. Therefore, half of primordial matter fields could not 
get their masses and became dark energy which remained in primordial matter fields. 
In the case of fermion fields, half of fcrmion fields which get their masses became dark 
matter of the wrong sign mass terms, which consists of dark quark fields and dark 
lepton fields. 

The ratio of energy for baryon, dark matter, and dark energy in total energy of our 
universe can be explained qualitatively. 

The exponential expansions of space in the early universe which exist only in primordial 
matter fields and in the process of mass creation at the phase transition of vacuum are 
shown by Einstein equation with the cosmological constant term and the cosmological 
term depending on time. If masses of matter fields and dark matter are created in 
the space which expand exponentiallyit means that the process is the Big-Bang and 
that the fluctuation of distribution of the primordial matter fields in the early universe 
remains in the Big-Bang. 

The dark matter created in our mass creation mechanism exists in different domains 
from those where galaxies exist as dark gases because of universal repulsive force, and 
the universe is composed of galaxy domains and dark matter ones in the equilibrium 
of force. Stars, galaxies, and clusters of galaxy move under two sorts of gravitaiomthe 
universal gravitation and the universal repulsive force. The problem of rotating curve 
of spiral galaxy can be explained as the motion of a star in the galaxy with a central 
buldge surrounded with dark gases in low density. 

In our mechanism, masses of matter fields are expressed as | (c — c)(doa(x )) Xo =o • 
Two factors, Ac = (c — c) and (doa(xo)) Xo =o, ar e related to how primordial matter 
fields exist in the early universe and how the structure of the phase transition is. 

If mass spectrum for fermion fields and boson fields can be successfully explained in 
this mechanism, some clue for the space-time in the early universe and the structure 
of the phase transition of vacuum will be obtained. 
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